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Abstract 
In ultrasound computer tomography, according to Fourier diffraction theorem, when an object illuminated with an ultrasound 
wave, the Fourier transform of the forward scatter field gives values of 2-D transform of the object along semicircular arcs in the 
frequency domain .We can reconstruct the object with data sampled from these arcs. However, these values are all limited in a 
low frequency band .Aiming this problem, a new extrapolation scheme was proposed in this paper. Papoulis-Gerchberg (G-P) 
algorithm is first applied, using spatial constraint information iterative to get the initial information in high frequency , then an 
improved method of nonlinear extrapolation is applied to enhance the high frequency part. The simulation results show the new 
method largely improves reconstruction quality. 
© 2010 Published by Elsevier Ltd. 
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1ˊINTRODUCTION 
Acoustic computer tomography used widely in many areas, such as medical imaging, non-destructive inspection 
and so on. The earliest ultrasound tomography was originated from X-CT[1,2]. Distribution of acoustic velocity and 
attenuation coefficient can be reconstructed from reflected wave and transmitted wave collected around the object. 
However, it is too rough to assume that acoustic wave propagating along straight line in media. Benefiting from 
Fourier scattering theorem under Born and Rytov approximation, a new reconstruction method was developed to 
reveal connection between the Fourier transform of projections and the spectrum contrast function in the late 70’s 
[3]. Such approximation can work only for weak scattering medium. However, there exists a problem that we can 
only get a part of spectrum of the object, so the signal extrapolation is developed to find out a signal when only a 
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subset of the signal is available. An iterative method to signal extrapolation was demonstrated independently by 
Papoulis [4] and Gerchberg [5]. 
In this paper, at the first the Fourier diffraction theorem is analysised in section 2. And the principle of G-P 
algorithm is introduced in section 3, also the modified non-linear extrapolation method is presented. In section 4, we 
some simulation results are given out. Further discussion and the conclusion are included in the last section. 
2.  PRINCIPLES OF DIFFRACTION TOMOGRAPHY 
Fundamental to diffraction tomography is the Fourier Diffraction Theorem, which relates the Fourier transform 
of the measured forward scattered data with the Fourier transform of the object. The theorem is valid when the 
inhomogeneities in the object are only weakly scattering. Considering a infinite cylindrical object immersed in 
lossless and homogeneous medium, illuminated with a plane wave, the propagation of ultrasound can be modeled 
with the Helmholtz wave equation. As show in Fig 1, according to Fourier diffraction theorem, the 1-D Fourier 
transform of the projection )(P [w  at the direction \ of corresponds to the 2-D Fourier transforms of the object 
along a semi-circular arc (named Ewald circle) in spatial frequency domain. 
),)}(,({))}(({ 21 yxDD kkyxfFTkPFT  [\ [                                            (1) 
Here, FT denotes Fourier transform. The transform corresponds to the upper Ewald semicircle when operating 
is in transmission mode, while the lower semicircle refers to reflection mode. If an objects is illuminated by plane 
waves from all directions changes from 0 to 2S , the resulting circular arcs in the )( 2,1 ww -plane will fill up the 
frequency domain. ),( yxf  may be then recovered by Fourier inversion. As showed Fig 2, the transform of 
projections gained by transmission mode covers circle of diameter 02k ( 0k  is the wavenumber) centered in origin, 
while the transform values of projections of reflection covers the annulus with inner diameter and outer diameter are 
02k ˈ 02k respectively. Only the transmission mode is discussed here in this paper. Thus it can be seen in the 
figure 2, the 1-D Fourier transform of projections derives from a low-pass filtering for spectrum of the object, which 
is not insufficient for image reconstruction. 
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Fig 1.illustration of Fourier diffraction theorem 
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Fig 2.distribution of the Fourier transform of the projections 
3. A NEW SCHEME OF EXTRAPOLATION 
From the analysis about Fourier diffraction theorem, also can be seen in the figure 2, a big problem with 
transmission tomography is that it doesn’t provide information about the object at high frequency. To a certain 
extension this problem can be rectified by extrapolating the measured object into the high frequency band where the 
information is missing. A popular algorithm for such an extrapolation is the G-P algorithm. It is an iterative 
procedure to combine information about transform of a function with independent space domain constraints. 
Typically, the spatial constraint might be the known support of the object or the fact that it always positive. 
In this paper, we propose a new scheme of extrapolation method, which has two steps. The first step, we use G-p 
algorithm to extrapolate the initial information of high frequency component from the low-pass frequency part of the 
spectrum of the object, and in the second, a modified nonlinear extrapolation is applied to enhance the gained high 
frequency component. 
3.1 G-P ALGORITHM 
Assuming that a transmission tomography experiment has yielded ),(0 vuF as an estimate of the Fourier 
transform of a object’s cross section; it’s inverse Fourier transform ),(0 yxf is the image that would be the result of 
experiment. From the preceding arguments is known is in a doughnut-shaped region of the ),( vu space; we will 
denote this region by fD .In general, the experiment itself wouldn’t reveal anything about the object outside the 
doughnut-shaped region. If ),( yxf  denote the true cross section and ),( vuF  the corresponding transform, we 
can write 
elsewhere
inDvuvuF
vuF f
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                                                     (2)  
 We will invoke the constraint that the object is known to spatially limited:  
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When we have used sD  to denote the maximum a priori known object size. 
Typically, the inverse Fourier transform of the known data ),(0 vuF  will lead to a reconstruction that is not 
spatially limited. The goal of the G-P algorithm is to find a reconstruction ˅˄ yf ,x  that satisfied the space 
constrain and who’s Fourier transform ),( vuF   is equal to that measured by transmission tomography in region 
fD .We will now describe how this algorithm can be implemented.  
Given an initial estimate ),(0 vuF , a better estimate of the object is found by finding the inverse Fourier 
transform of ),(0 vuF and setting the first iteration to be  
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The next iteration is obtained by Fourier transforming ),(1 yxf  and then constructing a composite function in 
the frequency domain as follow: 
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(FT=Fourier transform, IFT= inverse Fourier transform). We now construct the next iterate ),(2 yxf , which is 
an improvement over ),(1 yxf ,by first inverse Fourier transforming ),(1 vuF and setting to zero any value that are 
outside the region sD . This iterative process may be continued to yield 3f , 4f , and so on, until the difference 
between two successive approximation is below a prespecified bound. 
3.2  A MODIFIED NONLINEAR EXTRAPOLATION METHOD 
Nonlinear extrapolation was proposed by Greenspan in 2000 [6].The main idea of this method is: an image can 
be represented as a low frequency image plus a high frequency image. If we take 0I  as the low frequency image 
then we can construct a high frequency H respectively, combine the 0I and H , we will get image I  which is 
much clearer than 0I . Processing the high frequency component 0H  of the image 0I  with nonlinear filter, we can 
extrapolate a higher frequency image H which has the same phase with 0H , to enhance the image’s high frequency 
part. We can clip the 0H  to implement the nonlinear filtering procedure, equation formalize the generation of H :
)))((( 0HBOUNDsBPH u                                                         (6) 
Where BP represents high-pass filtering, s  is amplification factor and )(xBOUND  is the following function: 
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max0)1( HcT                                                                    (8) 
Here, c is a clipping constant ranging between 0 and 1; max0H denotes the largest value of 0H .The result is 
High-Pass (HP) in order to leave only the high frequencies of the image. 
Generating the new output image entails taking the image H as the high-frequency component of the image, the 
new image is generated next as the sum of the given low-frequency and the H :
HII  0                                                                             (9) 
338 S. Xu et al. / Procedia Engineering 7 (2010) 335–341
 Shijun Xu,et al./ Procedia Engineering 00 (2010) 000–000  
However, the difference of amplitudes of the high-frequency components haven’t been taken into consideration, 
and the whole image is enhanced uniformly. Furthermore, the clipping operation can invoke the sudden change of 
the amplitude. Also, ringing effect will happen if  the parameter c, s have improper values. 
In CT images, the amplitude of the high-frequency is not uniform ,so it is not proper to using a global  
threshold .Therefore ,instead of the global information, we apply the local information of the high frequency  
component 0H ,envelope detect 0H to get envelope as the new clip threshold .  
Aiming to these problems, we modify the method. Adopting a correction to replace the clip operator, the 
amplitudes change slowly other than change suddenly. Here we can use a function to reach the result. Power 
function, arc-tangent function, hyperbolic function all can be used as the correction function. In this paper, we select 
power function. The modified equation is given: 
k
jiT
jiHjiTjiHjiHBOUND |
),('
),(
|),(')),(sgn()),((' 000                                     (10) 
 Here, the local information, envelope of the 0H , is introduced into the correction procedure. Different 
amplitudes are taken into consideration, so the Matthew effect is avoided.  k is the correction factor, and the adjust 
degree decreases with k increment. ),(' jiT  can be obtained by following equations: 
|)(|' 00 HLPH                                                                   (11) 
)1,0(,')1(),( 0
'  cHcjiT                                                      (12) 
The sensitivity of envelope changing with local fluctuate is decided by the range of LP filter. The more wide the 
pass-band is, the more sensitive the envelope is. 
4    SIMULATION RESULTS 
Here we use a standard Shepp-Logan phantom, and the projection process is skipped for convenience. 
Simulation is done in following two steps: 
1. using G-P to get initial high frequency component  of the image 
2.getting the enhanced image using the improved nonlinear extrapolation method. 
The simulation result show in figure 3 
Fig.3. a. original Shepp-logan phantom, b. a low-frequency image, c. the obtained high-frequency image using 
the new method, d. the image combined b and c 
As we can see from the Fig 3, the Fig 3d obtained by using the new method improves greatly compared to the 
figure 3b.The high-frequency part enhances the image. And we take a numerical comparison of true and 
a b
c d
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reconstructed values on the middle line respectively, as showed in Fig. 4. The figure shows the Fig 3 d  have a more 
acceptable result. 
Fig 4 a. A numerical comparison of the Fig.3.a and Fig.3.b values on the middle line of the images .b  A 
numerical comparison of the Fig.3a and Fig.3.d values on the middle line of the images 
5    CONCUSIONS 
This paper, aiming the problem in the transmission computerized tomography, proposes a new extrapolation 
scheme. Comparing Fig.3 and Fig.4, we see the method combining the GP algorithm with the modified nonlinear 
extrapolation indeed improves reconstruction results. The simulation gives promising results. However, as a 
important factor in reconstruction, the noise haven’t been take into consideration .This will be further study in the 
future. 
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